■ INTRODUCTION
High-valent metal−oxo complexes play pivotal roles as reactive intermediates in the reactions of heme (cytochromes P450 and peroxidases) 1−3 and nonheme metalloenzymes (taurine/α-ketoglutarate dioxygenase (TauD), 4 soluble methane monooxygenase (sMMO), 5 and oxygen-evolving center (OEC) in Photosystem II 6,7 ) as well as in their biomimetic oxidation catalysis.
8−13 A number of synthetic high-valent metal−oxo complexes have been synthesized and characterized by various spectroscopic techniques as well as by X-ray crystallography. 8−17 The oxidizing reactivity of the high-valent metal−oxo complexes has so far been finely controlled by the oxidation state of metals and the supporting and axial ligands. 8−28 Alternatively, binding of redox-inactive metal ions acting as Lewis acids to the metal−oxo moiety of high-valent metal−oxo complexes has also been reported to enhance the oxidizing power of the metal−oxo complexes. 29−32 For example, Lau and co-workers have shown that rates of oxidation of alkanes by MnO 4 − are accelerated dramatically by addition of Lewis acids. 33 We have reported the first X-ray crystal structure of a Sc 3+ ion-bound iron(IV)−oxo complex 34 and found that the binding of Sc 3+ ions to iron(IV)−oxo complexes resulted in the remarkable enhancement of the oxidizing reactivity of the iron−oxo complexes in various oxidation reactions. 29 Those findings are reminiscent of the indispensable role of Ca 2+ in the manganese−oxo-calcium (Mn 4 CaO 5 ) active site in OEC, which catalyzes four-electron oxidation of water to dioxygen, although the exact function of Ca 2+ has yet to be clarified. 35, 36 In this context, we have recently communicated preliminary results that binding of redox-inactive metal ions to a nonheme manganese(IV)−oxo complex affected the oxidizing ability significantly. 37 Goldberg and co-workers also reported the influence of a redox-inactive Zn 2+ ion on a valence tautomerization of a manganese(V)−oxo corrolazine complex. 38 More recently, Agapie and co-workers reported that the redox potentials of tetranuclear heterometallic trimanganese dioxo clusters [Mn 3 M(μ 4 -O)(μ 2 -O)] containing a redox-inactive metal ion, which were synthesized as an excellent structural model of the OEC active site, 39 were systematically controlled by the Lewis acidity of the redox-inactive metal ions. 40 The positive shift in the redox potentials of an iron(IV)−oxo complex was also observed in the presence of various redox-inactive metal ions, showing a correlation between the reactivity of the iron(IV)−oxo complex and the Lewis acidity of the redox-inactive metal ions.
29a However, the electron-transfer properties of metal ion-bound manganese-(IV)−oxo (Mn IV (O)) complexes, which are the most fundamental factor in controlling the reactivity of metal−oxo species in oxidation reactions, have yet to be clarified.
We Figure 1b (see the linear plot to determine the formation constant in Figure S2a in the SI). 43 The formation constant of the [(Bn-TPEN) from the titration curve in Figure 1d (see also ) 2 (see the SI, Experimental section for X-ray absorption spectroscopy, Figure S3 and Table S1 ). The EXAFS results show that on going from no Sc 3+ binding in 1 to one and two Sc 3+ binding, the MnO bond elongates from 1.69 to 1.74(2) Å, which is consistent with a weakening of the MnO bond. The EXAFS data also reveal a short Mn−Sc distance (3.45 (10) directly to the oxo moiety of the Mn IV (O) complex but the second Sc 3+ ion is located at the secondary coordination sphere (see the DFT-optimized structures in Figure 2 ). 37, 45 As shown previously, the Mn−O bond is elongated upon one Sc 3+ binding (from 1.68 Å to 1.75 Å), but no further elongation is seen upon binding of the second Sc 3+ ion ( Figure 3a ). The solvent mixture was used due to the solubility of electron donors and the stability of 1 and 2; both of which are quite stable at 273 K. The redox titration for formation of dibromoferrocenium ion (Br 2 Fc + ) in Figure 3b indicates only one-electron reduction of 2 occurred without further reduction by Br 2 Fc (see Table 1 for E ox values of electron donors). This result is in agreement with the result of the redox titration of 1 with dibromoferrocene (Br 2 Fc) reported previously. When ferrocene derivatives were replaced by a weaker reductant such as [Ru II (bpy) 3 ] 2+ (bpy =2.2′-bipyridine; E ox = 1.24 V vs SCE), no electron transfer was observed. This is consistent with the lower one-electron reduction potential of 1 (E red = 0.78 V vs SCE), as reported previously.
41b The E red value of 2 was also determined to be 0.80 V vs SCE by the redox titration using Br 2 Fc (E ox = 0.71 V vs SCE) (Figure 3b . Figure 4b shows the titration curve of the electron-transfer reaction, suggesting that electron transfer from [Ru II (bpy) (1), (b) 
, and (c) 
From the redox titration curve in Figure 4b , the K et value was determined to be 5.7 (see a linear plot to determine the K et value in Figure S4d in the SI). 43 The complexes by binding one or two Sc 3+ ions predicts the much enhanced electron-transfer reactivity. Rate constants of electron transfer from various electron donors to 1 and 2 in the absence and presence of Sc 3+ were determined by monitoring the absorbance changes in reaction solutions due to the oxidized electron donors. Rates of electron transfer in the absence of Sc 3+ obeyed pseudo-first-order kinetics in the presence of large excess of electron donors, and the observed pseudo-first-order rate constants (k obs ) increased linearly with no intercept with concentrations of electron donors ( Figure S6 in the SI). Rate constants of electron transfer from one-electron reductants to 1 and 2 in the presence of Sc 3+ were determined under second-order reaction conditions ( Figures S7 and S8 (Figure 6 ). The k et values thus determined are listed in Table 1 along with the one-electron oxidation potentials (E ox ) of donors and the driving force of electron transfer (−ΔG et ). Figure 8 , where two different plots in Figure 7 are largely unified. The driving force dependence of log k et is well fitted by the solid line in Figure 8 in light of the Marcus theory of adiabatic outer-sphere electron transfer (eq 3)
where Z is the collision frequency taken as 1 × 10 11 M −1 s −1 , λ is the reorganization energy of electron transfer, k B is the Boltzmann constant, and T is the absolute temperature. (2) (4) Similarly, the other λ values were determined with the E red values, as listed in Table 2 .
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The λ values of the electron-transfer reduction of [Mn 2+ −(Sc 3+ ) 2 37 was extremely fast. These Figure 9 . Plots of log k obs for sulfoxidation of para-X-substituted thioanisoles [X = (1) MeO, (2) Me, (3) H, (4) F, (5) Br, and (6) 53 Optimizing and single-point frequency calculations were done with the LACVP basis set 54 (except for S, which required 6-311+G*), while a single-point evaluation was done using the LACV3P*+ basis set 54 in order to obtain more accurate Mulliken spin density distribution. All calculations (including the optimizations) were done in solvent (acetonitrile) using the CPCM scheme. −4 M, because electron transfer rates were too fast to follow under pseudo-order conditions even with use of a stopped-flow equipment.
Instrumentation. UV−vis spectra were recorded on a HewlettPackard 8453 diode array spectrophotometer equipped with a UNISOKU Scientific Instruments Cryostat USP-203A for lowtemperature experiments or on a UNISOKU RSP-601 stopped-flow spectrometer equipped with a MOS-type highly sensitive photodiodearray. X-band EPR spectra were recorded at 5 K using X-band Bruker EMX-plus spectrometer equipped with a dual mode cavity (ER 4116DM). Low temperature was achieved and controlled with an Oxford Instruments ESR900 liquid He quartz cryostat with an Oxford Instruments ITC503 temperature and gas flow controller. The experimental parameters for EPR measurement were as follows: microwave frequency = 9.646 GHz, microwave power = 1.0 mW, modulation amplitude = 10 G, gain = 1.0 × 10 4 , modulation frequency = 100 kHz, time constant = 40.96 ms, and conversion time = 81.00 ms.
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